A reversed-phase dispersive liquid-liquid microextraction (RP-DLLME) method coupled to HPLC was developed for the extraction of hydroxytyrosol (HTy) and tyrosol (Ty) from virgin olive oil. In this first application of the RP-DLLME method to non-polar samples, the phenolic compounds were directly extracted into an aqueous micro-drop, which could be injected into a chromatography column without any further pretreatment. A glass test tube with lengthened conical bottom was fitted inside a centrifuge tube in this work for more efficient withdrawal of the sedimented phase with a microsyringe. The volumes of water and ethyl acetate, the pH of water and the centrifuge time as four effective parameters on the extraction were optimized by a central composite design (response surface) method. Five replicated analyses under the optimized conditions (i.e., 0.2 mL ethyl acetate as disperser and 100 μL water at pH 11 as the extraction solvent) resulted in recoveries of 104.3 and 97.6%, and relative standard deviations of 5.75 and 4.57 for HTy and Ty, respectively. The detection limit of the method (3σ) was 0.043 mg L -1 for HTy and 0.032 mg L -1 for Ty. The method was successfully applied to the determination of HTy and Ty in five olive oil samples.
Introduction
Hydroxytyrosol (HTy) is a well-known natural polyphenolic compound and antioxidant present in olive oil and other olive products. It has shown DNA, lipid, erythrocytes and protein damage preventive activities 1,2 as well as anti-inflammatory and anti microbial effects. [3] [4] [5] Because of such properties, HTy has been introduced as a possible and powerful remedial implement in curing of hematologic disorders, such as b-thalassemia, sickle cell anemia, type-2 diabetes and obesity. 2, 6 Another major phenolic compound present in olive oil is tyrosol (Ty). In spite of relatively low antioxidant activity of Ty, it shows a substantial stable protective effect against oxidation, even under critical conditions. 7, 8 Chemical structures of HTy and Ty are shown in Fig. 1 .
Before analysis of a natural sample, often a pretreatment step is required for clean-up, separation or preconcentration of target analytes. High-performance liquid chromatography (HPLC) is the most commonly employed technique for the analysis of olive oil. [9] [10] [11] [12] However, olive oil can not be directly injected into a reversed-phase column, as it is immiscible with water, and always an extraction method, such as liquid-liquid or solid-phase extraction, is required before analysis. [9] [10] [11] [12] In classic extraction techniques, usually large amounts of poisonous organic solvents are required. Moreover, the operation is time consuming, environmentally unfriendly and tedious. Analytical researchers have developed a number of alternative separation methods, such as single-drop microextraction, 13 wetting-film extraction, 14 cloud-point extraction, 15 homogeneous liquid-liquid extraction 16 and dispersive liquid-liquid microextraction (DLLME). [17] [18] [19] DLLME was introduced first by Assadi and coworkers. 17 In this technique, by formation of a cloudy solution, the initial surface area between the extraction solvent and the aqueous sample is very large; thus, the equilibrium state is achieved quickly and the extraction time is very short. Other advantages of this technique are the low cost of common solvents, the use of simple equipments, high recoveries and enrichment factors, fast analysis, simplicity of operation and low sample volume. DLLME has been applied for the determination of organic and inorganic compounds. Major reported applications of DLLME have been focused on simple water samples. 17, 20 Recently, Hashemi et al. 21 developed a new generation of DLLME, termed as reversed-phase (RP) DLLME. The proposed RP-DLLME method overturns the solvent polarity in the ordinary (normal-phase) DLLME and replaces the toxic solvents with water. In this technique, a small volume of water (or an aqueous buffer solution) is dispersed in a lighter-than-water organic solvent with the aim of a moderately polar solvent as the disperser. Therefore, the sedimented phase will be an aqueous micro-drop that can be directly injected into an HPLC column. However, the only reported application of RP-DLLME was for a miscible with water organic solvent (ethylacetate) with the role of the disperser in the system. The use of RP-DLLME for non-polar samples has not been reported. Since the ordinary DLLME is not applicable to immiscible with water non-polar samples, the use of RP-DLLME for such samples will extend the area of applications of this technique. In this study, the possibility of application of RP-DLLME to a non-polar sample, i.e. virgin olive oil, was investigated. In the method used, a multivariate optimization technique (central composite design) was applied to study of the effects of various experimental parameters on the extraction efficiency of HTy and Ty from olive oil.
Experimental

Reagents and materials
Hydroxytyrosol and tyrosol were purchased from Extrasynthesise (Genay, France). HPLC-grade acetonitrile, ethylacetate, cyclohexane and other chemicals were prepared from Merck (Darmstadt, Germany) and used as received. Double-distilled water was used throughout.
Apparatus
HPLC analysis of the samples was conducted using a Shimadzu (Model L-10AD) instrument consisting of two reciprocating pumps, a DGU-14A in-line degasser, a Model CT10-10AC oven, a high-pressure manual injection valve (20 μL injection loop) and a UV/VIS (Model SPD-10A) detector. The software used for the data acquirement and processing was Class-vp v.R 6.1. The analytical column was a 25 cm × 4.6 mm i.d. RP-18 column (Shim-Pack CLC-C18) packed with 5 μm particles and equipped with a 1-cm guard column (C18-B197) packed with 10 μm particles of the same type.
A 25-μL HPLC microsyringe (F-LC, SGE, Australia) was used for sample withdrawal and injection. A 2-ml polyethylene (PE) syringe was used for RP-DLLME procedure. A totally glass Fisons (UK) double distiller was used for the preparation of doubly distilled water. For centrifugation of the extracts, a Model 5810, Hamburg, Centrifuge was used.
A glass test tube with lengthened conical bottom was used in the RP-DLLME procedure for more efficient withdrawal of the sedimented phase with syringe. The glass tube was about 10 cm in length and 12 mm in diameter. This test tube was fitted inside a 15-mL PE centrifuge tube for centrifugation. Figure 2 indicates the withdrawal of a sedimented water microdrop from the conical bottom of the glass test tube.
RP-DLLME procedure
For RP-DLLME, a mixture of 2.0 mL virgin olive oil and 2.0 mL cyclohexane (as diluter) was placed in the glass test tube with a lengthened conical bottom. In a microvial, 0.2 mL ethyl acetate (as disperser) and 100 μL water (pH 11) (as extraction solvent) were mixed, and the mixture was rapidly injected into the diluted sample by a 2-mL PE syringe. Accordingly, the extraction solvent (water) was dispersed into the sample as very fine droplets, and a cloudy solution was formed. The glass test tube was fitted inside the centrifuge tube and centrifuged for 16 min at 2000 rpm.
The sedimented phase was completely transferred to a microvial using a 100-μL microsyringe and a portion of it was directly injected into the HPLC column for analysis.
For HPLC separation of HTy, Ty and other coextracted compounds, a gradient elution with a mixture of solvents A (0.05 mol L -1 acetate buffer pH 5.0 in water) and B (acetonitrile) with a flow rate of 1.0 mL min -1 was used. The elution program was as follows: 0 -8 min, 20 -60% B; 8 -9 min, 60 -65% B; 9 -10 min, 65 -90% B; 10 -11 min, 90% B; 11 -13 min, 90 -20% B. The chromatograms were acquired at 280 nm.
A half-fraction central composite design (response surface method) using Minitab statistical software was applied for optimization of the effects of different parameters affecting the extraction by the RP-DLLME method. The studied and optimized parameters were the nature and volume of extraction and dispersive solvents, the extraction time and the extraction solution pH. Table 1 lists the abbreviations and levels of each factor included in the design.
Results and Discussion
Diluent solvent
The extraction of HTy and Ty from olive oil into an aqueous micro-drop with the RP-DLLME method was the initial idea of this research. In this way, the sample may be directly injected into an HPLC column without any further pretreatment. Preliminary experiments indicated that the sample viscosity is too high to disperse the solvent, and directly used for the extraction. Therefore, a diluter solvent was used to reduce the viscosity of olive oil, and to increase the efficiency of cloud formation. Cyclohexane is a relatively non-toxic and cheap organic solvent which has been commonly used for the removal of heavy lipids from olive oil extracts before their HPLC analysis. 10 Therefore, different mixtures of this solvent and the oil sample were tested with a 1:1 mixture giving the best results.
Selection of disperser solvent
In RP-DLLME, the extraction solvent (water) is dispersed as very fine droplets in the organic phase (the diluted oil in this case) with the aim of a moderately polar disperser. The miscibility of the disperser solvent with the extraction solvent and the organic phase is the main prerequirement. THF, acetonitrile, DMF, hexanol, ethanol and ethyl acetate were studied as dispersers in this work. However, only ethyl acetate showed reasonable results. For the other solvents either the cloudy solution was unstable, or very low recoveries were obtained. Therefore, ethyl acetate was selected as the disperser in subsequent experiments.
Optimization by the central composite design
For screening significant factors, primarily factorial designs may be used, but for the location of an optimum set of experimental conditions, more sophisticated second-order models (response surface designs) are required. A central composite design (CCD) combines a two-level factorial design with additional points (the star points) and at least one point at the center of the experimental region to obtain such properties as rotatability or orthogonality, in order to fit quadratic polynomials. Center points are usually repeated to obtain a good estimate of experimental error (pure error).
The extraction conditions were optimized using a central composite design. Four factors of ethyl acetate (disperser) volume, Vdis, water (extraction solvent) volume, Vw, pH of the aqueous phase and centrifugation time (with 2000 rpm), Tc, were included in the design. The low and high levels for each factor were defined according to the results of some preliminary experiments and our previous experiences ( Table 1 ). The amounts of extracted HTy and Ty (in mg) were the dominant criteria that were considered as the response functions of the CCD model in order to optimize the mentioned variables. The levels of the experimental variables and the respective response values of the central composite design are presented in Table 2 . Estimated regression coefficients of the response surface model for mg extractions of HTy and Ty are given in Table 3 . Regarding the probability values listed in the table, the most significant variables are Vdis and Vw, effect of the pH is more serious for HTy than for Ty and Tc is insignificant for both target compounds. a. T and P are student's t function and probability associated with a student's t-test, respectively. Figures 3 and 4 show some of the response surface models obtained for HTy and Ty, respectively. Obviously, a sharp decrease in the response was observed by increasing the disperser volume (Vdis) and decreasing the water volume (Vw). For pH changes, a minimum response was observed at pH 5 for HTy and 6.5 for Ty. For both analytes the highest extraction efficiency was obtained at pH 11 or higher. HTy showed an increase in the response by increasing the time of spinning, as expected, but for Ty a slight decrease in the response was observed. Using the response optimizer function of the Minitab software for simultaneous optimization of the four studied factors, the following conditions were obtained as the optimum: Vdis = 0.6 mL, Vw = 100 μL, pH = 11 and Tc = 16 min. For decreasing the analysis time, increasing the spinning rate of centrifugation was tested. However, occasional crashing of the lengthened bottom glass tube was observed at rates higher than 2000 rpm. Because Vdis was the most significant factor, some more studies were performed on this factor. Further experiments indicated that it is possible to further increase the extraction efficiencies for both analytes by decreasing the Vdis volume down to 0.2 mL. Therefore, this recent volume was considered as the optimum.
Analytical performances
Five replicated analyses at the optimized conditions (i.e. 0.2 mL ethyl acetate, 100 μL water, pH 11 and 16 min centrifugation time) for some spiked samples resulted in Table 4 , summarizes the analytical performances of the method. Figure 5 shows a chromatogram of the virgin olive oil of Khoramabad after extraction under the optimized conditions. In this chromatogram, the peaks of HTy and Ty appeared sequentially at 4.45 and 5.94 min.
The RP-DLLME of olive oil samples
The RP-DLLME method was applied to the extraction of HTy and Ty in five different olive oil products in Iran. Table 5 indicates the concentrations of HTy and Ty in the samples. Samples No. 1 -3 were prepared from the market, but samples 4 and 5 were homemade virgin olive oils obtained from two gardens in Zanjan and Khoramabad, Iran. The results clearly indicate the much higher level of HTy and Ty in the homemade olive oil obtained from Khoramabad.
Conclusion
This study indicated that RP-DLLME is a quite appropriate method for enrichment and HPLC analysis of HTy and Ty in olive oil. This study also showed that the mentioned method may be used for the extraction of moderately polar analytes from oil or other non-aqueous samples. The method is simple, fast and inexpensive, and may be directly coupled with HPLC. The use of a lengthened conical bottom glass tube inside centrifuge tube in this work was quite helpful for more efficient phase separation and more easy withdrawal of the aqueous phase. 
